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(54) ELECTROCHEMICAL MACHINING METHOD AND APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
electrochemical machining method and an apparatus in 
which ultra pure water is used, and elimination 
processings of materials such as aluminum or iron are 
effectively carried out. 

SOLUTION: A workpiece 28 which is made to be a 
positive pole and a negative pole 24 are disposed at a 
prescribed interval in ultra pure water 1 2 f and catalyst 
imparted with an exchangability of strong basic anion is 
disposed between the workpiece 28 and the negative 
pole 24, and the workpiece 28 and the negative pole 24 
are relatively moved while applying voltage between the 
workpiece 28 and the negative pole 24. 
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[0 03 8] Jjnxe&5iMJnX^2 8©#14KJ:0. T 
ttff 3 2 i^SaniX«52 8 4©IB«:BfflB*RWr *> .to. 

^F»f53 2*fflKIto2 8«CcaMftfT. 
Mm 3 2 £PiS2 4 &©IBee«tlH|*RttS J: Sfcl/Cfc 

[0 03 9] C©<£ 5 ftJIitctel,^, iBM*$teEtf 
1 8 4^>brflDX«l 4F«9(Cfiiffi*l 2 4«*&L, jBff 
*fflP2 0*>6iBK*l 2©-ffl*»^CCSfffi0oo. 

has 2 4 1 mm t v fcaanx* 2 8 &c«jg> 2 2 zmm l 
■CWS2 4. 2 smicmE.zwmL, m&fic, s&was 

tt, qRHflP3 2*H«2 4i-»«:H<g3-&4. iSiJ$ 
Tkl 2 *©*#-?«:, SHIMMT^* L 
fc^Sfcffi 3 2 K <fc o r *KYb«5 * > i *3£ * > «C» 

isns. ^5ftjfc*»<B»-f*>«. ffl®zM2 8 

i^S2 4 i©^©«W<!:^i*ifi* 1 2©SStl<fc«:<fc -pT 

x«»ifi»©*M^b»^*>©«ffi3we«>6ti. «jiix*i 

Sft;W5J»^ttiHI**l 2«P«C*tHU »!X=t2!l2 8 

©^ffitcjQofcS^TKi 2©ggn«:cfco-r^jjnx!B!i2 8 

C©<fc5&C. fflJttlM2Q<D$mm<D 

m&BELWft>n2>. iMvji.'y k. jraxtt 1 4 rtice 

lfi*l 2©dSsn*sjgfiRSti. 2ft£ijfyi 
£j£$tx. Cft*8Hini»2 8©«ffifc^LTa&*© 

i^jnx^tT^cijwc**. igjrax^ji^iTK 
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■C-©j(W«c<fcorBWfr5»tt*»4J:5tcffl^4C 

[0 040] Rft« (HHkUGS) 2 4 4IhIS$1+-5 

Cifcio-C, l®S£0;U^X^2 8<!:*t[SjS&t , & 

SP&®2 4 i©ratC*Sfi*fi* 1 2 &8&#ifcK:E&-rs 
CidJpJfiBtcftO. cnCCiO. JnXCCff ot^4t5 

#*^»x^^£^fttei&£GT£S&toi£fr5 
10 x*tc*s®^*tcsan4^5^© mz.iz#>7^ 

S) *«ll«cBB**C&jW**.i&ft4. 
[0 04 1 ] *^BJ{C «tnii. jSlfcfcfcm©*- 5 

ttBL.tti>©-c. *nx«i 4rt©^ft«aoxxg-c»* 
■r^si&^fi£^©*-c*^„ a«*©flRg«iffi4tf ^ c 

[0 04 2] axatCtt*Utttt©*4J!BX< 
■r£MX8B©T«S{Mr$SMttK®l>&5 Ctr, JJDX# 

20 a-3ttr«»u iawi/at»s9©a«*s«-c3tor« 

1 4 ft©®^* 1 2*ffig{LTl,>4. 

[0 043] ( SUiW 1)01 KttWRttl&m&m 

nr. t^s-^a (a 1 ) ©i^sunx^tfo/c. 

L.fcWf4tt. ®ffi*KITS7I <«flnXffi) 12.5 
mmX3 4mE©tS©rt, 12. 5 mm x 8 mm©g|5 
^©*4SttJ3-tfra^7KK:SM$i±. ffe©SP^«PE 

*nx^«. TffiO^HCm-riiO-C**. C©^F©m 
aESBS<fcJDXiIS©BB^402(C "^ffiT-^>«i$t" 

30 ©iggai ur^-r. 







6 0 0^ 




2 0 0 r pm 




0 mm 



[0044] SjB©«®4i2, IP%»DX^I4I^S 

tb. *©ffi©*iiRSc«5ni*#4RC{cu-c. r;bs 
- •> A©^*tinx4tf -3 tcmco'mwL&g.k »dx^s©k 

40 JC, ttlX^ttffiiU 9j«aittT-*>ss«te*#^ 

T. TA5--J»A©»4aiX%ffo*:l^©*i!lEafflCiftI 
±i«K©IW«*H2K: ©»HiL 

[0 04 5] C0I2*6, T^S-^A©i$*ftlX«: 
50 ^-¥L//c^^4^fflO/cf&^<fc»3t> > ^«ciIt,^X 



(J) 

u 

[oo46] immm 2 > $mw 1 x-m-<-tc%m*m 

l». ^HfcftCC&frCf* (F e) ©I£*JJIIX£ 

[0 04 7] C©@3#>e>> ^©i&SJjnxfc&^-a^ 

xafl£*» 6 n 5 c t am *> . 

[0 04 8] (*6SW1 3 ) £ftflf 1 T?a^«:*gB*ffl 

i». safeflii ii^Djnx^^-ca? (cu) ©b&£Jjhx£ 

ffofc. C©B$©m^a<hjtaXjI&©|i8fli*ei4K: . 

[0 049] C©B4*>6> g3©l&*JjnX{t£>-3-C«:, 

Ofc^»**affll/fc*i^J:»)*>. 1. ■ 5ffiSflBftr»A] 
Xoifi^ft^nSCi^fiJ-S. fcLtl&ajLfc.fcSK:, * 
fUECcifttf. T^5--?A^j5:i-CD^j!inX*sSM 30 

fi£*<D-i8fl<jJa:s»snx^r^-rs*^?Ris%'5 . 
^-rsfcto. ^<SMa^©ft^@«)T/jN$ < r^f 40 

[0 05 0] *J6P<0*2C!«at»*{C*5W«* 
MraX3£S£0 5 7^09£#MLT|#l-r£o 05 

«. ##iHj©igfl^g©s^x^H£^-riKBSia-c& 

4.. c©mft?»nx^S 1 1 OB, 1 2£f*jgPK: 

Ggt-rs. m«rd' yunskottniwi 1 4t, c©fln 
x»i 1 4©_h^pgp?:igga@a«:HS-r.2>^i 1 

6£> *nx«.l 1 4F*9iC®*bJ<l 1 2 

mstss/Bi 1 8t^Ti,^. mull 1 4KB. m 

ft 1 1 6 i<Dra*^e*fi* 1 1 2 CD-SB^^fCgpm-r 50 
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zmwktun i 2 o jmhw ^fi-c^-s,, 

[005 1 ] JJDXffll 1 4CDrtSPtC«. 

^soH&aea^&o. ®si 2 2fthmu2>mmi 

2 4*SHi^aS(Ci2®?nrt,^ < , £©f§ffil24©SI 

Ml 2 6r«BIStiri,»*. -73. 16©gffiK 
«, WLtff'J 3>»<DtSiOI*l 1 2 8£#Jft££EK:« 
Jt1--5.^ttIXtl^Fg|5 1 2 9rt*RW6*iTt»*.. HK, 

16 tcij. mm 1 2 2*>e»^sB?@affi 1 3 o 
j^l/cb#. i 3 o tmMT.® 1 2 8 t&mmm 

£ 1 3 0 a Kfcl^rSSSL/rMttlX^ 1 2 8 

[0 05 2]ifil2. 4©*IK(i, 4*>3fc**tt4T? 
**4*>^tt*tt^l/fc:?*Mi (flgg) 13 2^ 
ISll 2 4©tIK^f 3tttS^e»ntl^„ c© 
^HBtl 3 2©»*tt. Sttl 1 6 0SiB(CteftIX<ft 1 
2 8 *«}#L/rftDX« 1 1 4©_ki*iiP*««* 1 1 6 

rnXb^BMC. c©±J£#fe&Jjnx!B5 1 2 8©tm (tt 
flnXM) fca^r.&J:*SH:BB£3*rt:c»a. 

[0053] c ©<t -5 Jtc^ioaiff i 32it mmtjiffimm 

ns„ c©-f^>25^fi6 ; &##i/^»fijr3 2©'r* 
[0054] mjLmmtmxcom 1 2 3©^1*«: <t 0 . 

^Ito 1 3 2 4»0X^ 1 2 8 k<DW£.mM*WMX & 
*51,>B. ^FSIflJl 3 2£M*DX1$9 1 2 8 OTfrcHX 
m-C. Tttffi 1 3 2 i^S 1 2 4i©SKM4SW 

[0 055] C ©<fc -5 ft^atCteCi-C. ^tt*«*&Elf 
1 1 8 Sr/M/TttlXrt 1 1 4F«iK:jHtt*i 1 2*m& 
L/, @W*WP 1 2 0 39»6iBK*l 1 2©— gp^^^C 
gfWL/OO. »S1 2 4 4|»ffiiLfcaaiPI»l 2 8tC 
2 2=&^Ssl/-rWffil 2 4, 1 2 8 r$te.mE.*W 
HaV. [HB${C. ^(CJSDT. P®®1 2 4£l]ife3i2- 
S = cntcjrO. -f*>S8HB*^#l/*:qfq»S 1 3 2 
©@fta®r©^b^SCc>«: J: 0 £j$ L /c*S * > 4 * 
Rfb^-f * > i K «fc o r , I^SJnXXtt^fc^S^fiHW 

x^f-5. cnicj:*), flnxfti i 4^(cs*fi*©iJ£n 

*^fiS§n> Ch^^ftSl 3 2F«3*il&l-r-5C£«:<fc 

[ o o 5 6 ] mm (mm.'sm) 1 2 4*®%c.z-tt2>ci: 
(cjc-^r. ^iu/csaraxfeii 2 8 4*fisjm@-c*s 
mm i 2 4 &®n(c«&iBiMc 1 1 2 ^sb^ccflmr 
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LtBti (CC-CttHW) fcb<«ft] 

©) fc^i&wsc ens. 

[0 05 7] ffiffrfctW©^ 5 ±>)\>*®mh 

[0 059] ) W 5 K^T H^ttJX^g^ffl 

t,vr. i/<j 3>©Jnx*tf -?fc„ flMi/fc->';3>u, 

ffiix$ll. 5 — 15. 52- cm©pli/'J3>t, 
SatfrfctCffiTSTE (ttll) 12. 5 mmx 3 4m 20 
m©^-&©F*g. 12. 5mmX8mm©ai^©Mg(ii 

s-&-ci©6*tcsa)ji3-tt. ffi©aww*PEEKtr (*•; 

«» TlS©^2«:^-rjii3-C&f3. 3«B©SSfe®g£: 
frr*DXae[il®e©@l£jie[©BII^*«'MO/£:. M£4 
£@ 6 lC9jk-$~. 



C*2] 







3 0 mA/cm 2 




10 0 mA/cm 2 




3 0 0 mA/cm 2 




3 0# 








0 — 2 5 0 rpm 1 




0 mm 



[o 06 o ] Bete^-riscc, mm<D®mm&&o r 

pm (10 0mA/cm ! ), ^WJ20 0 rpm(3 
0, 1 0 OmA/cm 2 ) ©«^». Mt*3KSt5C 
£*s-C# . P®e©[Hli&iIfi#2 0 ~ 1 5 0 r p m©lfflT? 40 

!/3>K*,tB, &JEXg3 (->'J3» *i®eccL/c 

flnx^ ^iut, miasms <fcP§@©iH] 

*nx©t» -rn©*nx t ojte i * s. 

[0 06 1 ] (Jtfgffil 1)05 tc5*TWBfln:PHs«*Jg 
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^*»DX«SB#it*io/c. £©££*> 6. *^©^ 
L/fc c <fc k: <fc iSSt{b^WftSfE*s»nx3S*K:SF#or 
[0 06 2] (tttgM2 ) 7k^©»»*(Sjar*«tt 

zm^xmi&DtKEL&fT^tc. cairns isv^xom 

©*tt6r. ^*>£&*^©^K&:£fPJ3©flDX 

[0 06 3] (JtlfeW5) JttkM4fC*rtfSpfi&'>;=i 
>©ftb0(C, Ctt<iffitn?£#|^pS©n^>';=i>£ 

tsflnx&i or, Tts©a3 cc^rsnx^^-cttix*^ 

it, USSSggl 0 0 mA/cm 2 ©*!£■© JJOXilKi 
»*©@«aft©Hff **JEUfc. felH£ p S-> !]3> 
©iS^-i j:b^ L-TIU 7 tC^T. 
[«3] 







10 0 mA/cm 2 




3 0# 








0 — 2 0 0 rpm 




0 mm 



[00641 07 icfjx? «fc 5 S^SSilelltejia* 5 
HCSBtCifctM-Si. pI->'j3>J;i)nSi"j3> 

[oo6 5] (mtme) mmm4tmmco^mmj:m 
r. Tiso^^^x^r-i&sjjnx^Tofc,, c 

«. 3iiMt& 20-50 umT^lfiW^9 0 %©# 'J * 
^ >§£©*!&?£ tC. T*%J8ttf 57 h*^ 

tt> 2. 8me q/g-C*-p/c„ 
[i4] 
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mmt» 














0 A/cm J 




0. 5 A/cm J 




1. 0 A/cm 2 




2. 0 A/cm 2 




6 0 Of* 




2 0 0 rpm 




0 mm 
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:.[0 06 6] cn6©S8RO'S9^e>. |5£*flDX©i|a 

«j. mfis«S{c«6-r«:iiDSi&-ci^*jni^3Wt?f 
[0 06 7] ffiffl-r-sgiifil«f4«:«fco-ci*cDJ: ; 5^»nx 

[*5] 



*10 









Al 


o 


O 


S i 


o 


• 



[0 06 8] C©3|5 »«"C&H©£J55l/JWBC 

[0 06 9] jy±i&9§ ufc* 5 k. *mw<Dm2 comm 

«<k l/ttt&IH©£js&l.*»jtae Bfc£»0X#WC 

saixatt. &M£fiSitK««fair set # pj#g t & 

4. 

[0 07 0] L*»t>. *3R-fa|->^»*BMbi»-f*>i» 

ttD. *«Wfc»-f:f>RO t 

CC«f^%#HSl4J.t?(DjOX*r5It6<i:ttS. Mit©***© 

»*. JDX3X h©*igfctg»fcoJfifc-r*S. 
[007 1 ] ^tfc. *^W©»3©SUS^Si(C*JW-6« 
MMIXSS^HI OTiMSl 3*#JRt/CBMiri-S. tt 

ttixi&iJnxsssdswtciBBsn. ttjni»&*ni* 
ffii©pafctassfiia6©&i>«^. Mrtc^i^gtT-ssn 
xftjss»«(iffi*j*BiBi«:iB* o . »nxa©affiffl3*j 

m uinxmm) m&fiBKrgs strax^^ 

a*. -e-JaTfclslfi^nnjJcflWc l o o s ? a ?g 
g©5*a»3-¥>, IS1 5^o>*>e>i 0 5 ^d>©x^ 
?t?K Bett4tf>£»»|t<D« (JJIIXJg) &4*#s 

flnxaiffi&c^'j. amsisifi'Gcraas (Ra> -c 

10 0nma*«C±3Sor«,»&. C©«fc5fcM«Jt. « 



[ 0 0 7 2 ] 0 1 0 7b MS 1 2 tt. *l%^©^3 ©*te 

•6. c©mfl?*nx£SBtt> mz.tez.7-> u^mrcm^yk 
210 s»nx« 2 1 2 * mr s flaxes*** 2 

1 4 4. S«$>f2 1 6 , iSi&Tktf gt • ffltStS2 1 8 

2 2 0 *WTSe*E*«^ • ffiiS«S2 

2 2 4. 7 , 7>y^>«2 4Si>'EE^hv>^5 v 
5 2 2 6*#-rSiSffiBM*eW&«B2 2 8 £2p 

[007 3] ftIX^g*(*2 UB. Bll R&M 1 2 

Kf^ifflfCTjvr.fc'Mc. jnxtt2 1 2©p , 3a5icies3n. 

30 XYe03g^J#0 0 »DXi!g##2 1 4tt. 3U§ 

^i^^©aa»x!gjw=&K«s8f{cj:orsjKifi{c* 

£#§52 3 0r<£^3ft/cMJn]X$>WW:. jS*$*2 

1 0 4>«:«»34ifc«MW . X, Y#|SjK*WB&@:fiE 

6># (Z$A) £*^C*¥®±£[13£T£J:5K:& 

otw. c©^j#sp2 3 0« > «aii»w*«j#-j-.5 
•c, mz.it* *>$te-z<Dmmic 1 «m©a^»-^#^ 

40 (Cffl*fi*(Cj:S#BE*4S2 3 2 (SI 0#B§) r-^^ 
[0 0 7 4] C©«}#§q2 3 OfOl^iCfiltt, Rft 

XttniBtt'-r. -e©tt^o-o^*^7^icc@?>-5>flnx 
(*f(6]iiffi) 2 3 4*5. W'^o-otct&^rs^ 
±TS6@a'iiHii5i42 3 6 ccas^nriea^ nrt^ 

cn^i^-C, *DX^®2 3 4« > IeIK#2 3 6© 

2 3 0f^L/c^flnX^W4©P^P§^P^-Ct4ct^ 
fCife-o-CI,^. C©JOXm^2 3 4tt, Mx.i^f>l/ 

50 xm-C, WKSj£*$S3-eS4ife{C, ®M*cf"v© 
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ft&mZtlX^Z. £fc[HllS«|2 3 6«. <£I#S|52 3 0 

[0075] »nim©2 3 ^omtmmssicit. §d»x 

mS2 3 4 £tfilin:#W£©IW©aifck2 1 0©*#^F 

* >3£8lf* 2 3 8 tfgtt-jnffiCCffitf Lraxtf w 
lr>S. C©-f:*>£&& (MME) 2 3 8"tt. W*tt. T 

L/c&©-C&£#!. ll^SttT-^>3^S (3S8JWT 
OT^^AI) £*USL,fcfc©-C&.J:t,\ 
[0 07 6] CCT, «ittfv 5tftt*ttr-*>3»MB 
L fc^f&ftK, iXttliS 2 0 ~ 5 0 m m f3H 
fig^*l*s»9 O^CD^'J^-U^^^O^flJtC^ t«'* 20 

©^*>3£&$:fi«> eH^t« 1~ 1. 45meq/gt 

fl^ Lft^S&SJ tt. lifts 2 0 - 5 0 u m rSBRWW 30 
90%©#y*U7.f >aSO^F»^{c . r &&M*f U 

m«2. '8meq/gt*§. 
[0 07 7]^ Lt, — l&tCtt. ttllli2 3 4 £Tf$ 
S-tt. C©TiffiSB£«!#S|52 3 0-V&mLtcffliaT.WW 

WCO^FttKJ:'), -f*>xtft(*2 3 8£ttJiio:»wio 

*>^*2 3 841«IPIWWfl!l«:8l«Wr. -f*>3£ 
^ft2 3 8 iJJDXIi® 2 3 4 £®mtC!£|B|«Rl:f SJ: 5 

[0 07 8] M(C> flUXm&2 3 4iM#SP2 3 0?g 

JtLfc^x^wioraK^ESrEran-r&m^ 4 0 
m*.h*iX.\,>Z. ft*>\ c©Wt?B. mx-tiffiJOlMt 

Lxam^mmmm-r^tceb, ttjx^®2 3 44^2 
4ocDistc, wsnuto m) wmm2 4o©is6k 

otB, »DXm@2 3 4*mjK2 4 0©SS«c. USttlX 50 
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» <«> w**«2 4o©Hrti{c-eti-en««L/-cfe«fc 

[007 9] C C-C. G9fg|52 3 OBISitW^^i b 
T. MTSS2 3 4«*¥8l£#<l>£LT. @$6*2 1 

xmwtuni:mm2 3 4 &©iwKj»*e**»ffir!fcstf 

WSS|«*>'X;l/2 4 2*5f5g^nrt,^ 0 tftCCJ: 
0. JJDI1S2 3 4 <t^JnX^}Wi©P^K:flnX^S2 3 
4©4>ft< £fe-#£|5I3g;*i*ft#iE>. C©Hte^[SJ© 

±8MHa>6fcroi«2 3 4 £«jni«jw£©w«:jB*fi* 

2 1 0 *efc*tttf-c\ mnmm2 3 4 i&flnxwwt© 

^(Cfto-CI,^. 

[0 08 0 ] C©Si&*yX;l>2 4'2(C». il 0 CC^ 

•ri $ cc, jBtt*«9i • ns^s 222 (Dmwkmm - 
mm&2 i 8-effii?£*x/cfe$$*#. i«iBSiW*«*&^ 

S2 2 8©EE2> F5>X = ? £2 2 6*677>y + * 
>7'2 2 4^L.TSE$tit«J&$n4J: Sfcft^T 

[008 1 ] g/c. UaTM2 1 2F«g©fflM*2 1 Ott. 

i 6 fc?g* o . • nmmm.2 2 2 -cftsgsn 

tdk. ti5K#>7'2 2 o*6jjnx«2 1 2p*gccM2n 
S 0 C©ffiM*2 1 0©— mz» PEW^2 3 2 

[0 08 2] C©«fc9a»«{C*J^T. ffi^FSB2 3 0r 
ttlftW^b, »0X1i@2 3 4 4TP*5i±r, c 

©»nxms2 3 ivmwicwmwtcj *>&&&2 3 8 
4M»nx®iw©aMtcsgfeK«ifi^$-a-s 0 c<DVtm 

f. • iffiSS!J|g2 2 2 K<fc oT. ttIX*2 1 

2rt©a^fi*2 1 OSrifgSlOft*!6»IS3'a-oo 1 jnx 

mm 2 3 4 240 ©p^@«: . i*aax»w*«K 2 

4 OOB&gCC-e-ft-eftjg&t/C. MS2 3 4, 2 4 0Pb1 
(C«li*EPJD-rS. B^K, «JfgP2 3 0i»nX^ffi2 

3 4i4ffi«*2 1 0 ***iitf5ErIftI«:|BII^K:EH6g 
■If. C ©Hig^OX^ffl'JKISg b/cjBiffi* > XJl- 2 4 

2*>6Snxm®2 3 4 tmijQjLwwtomicmmfczn 

Et^tffWI.. CfiCCj:'). -f *>S^^ (fsSM) 2 
3 8©H^*®-C©{fc#5JS«:«fc »)*BSl/A:**-f 
i*Hfb»-f3j->4«:J:^-r. l^*JjaX4?f^„ C©JS 
^. ftlX«2 1 2rttC®$6*2 1 OOSEtM&JJKRSSn. 

cn*-f*>saw* 2 3 8rt^ii-r-sci. 

[0 08 3] CCt, ^a52 3 0<h*DXmffi2 344 
4@*6tK2 1 0*#*ii«f*l5l(CR^«:iHE3-e. c© 
@K*l^©±d£ffl!l*' 6 finX^S 2 3 4 4 ^SDX^W i © 
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wi arose 2 3 4 <t©ratc«&sffl*6*2 i 0 4$bmw 

[ 0 0 8 4 ] 0 1 3 ». *^?80ffiOSQ»gS8«:*JWS 

JtMBBtt&JI&SAB. SlTOI®2 34ailT, ft R 
ftXtti£K©*>©4te/BU C©JDXmffi2 3 4 a^T 

a ©TSfl^G^SB 2 3 0 T fi99 b fcWtolftWCC jSJS)!* 10 
L^tW-C. ttIXfifiB2 3 4a <t«}#a52 3 OrffllfSr 

[0 08 5] co^jjcintf. mjLSKDwmafi'bz < a % 

. JJDXgWgi2^©jB*«zk2 1 OOtftJ&tf^tCfTto 

tctms. jBM^wa^oers^^^ffifflL/a^or. m 

X«2 1 2rt©i^ftttttIXXS-C^-J-*S«^S«)© 

«U *?S©Mffifc^-C«>S©-C» OTnXh 20 

*«*>-C >h § < S C <!: #"C * -5 . 

[0 08 6] (SOt«7) HI 0 71MH1 2tC*f«» 
»IX«!l*ffl«r»r»«©HlX*tfo*:. 

(ttHK) 2 38<tbT. 9*l«t***>iaMWt*ffll» 

fc. aanx«w*H5ei»fct8Br. e&i oomm©»n 

im®2 3 4£6 0 r pm©BISjSet?[5Hg$# % 13 

3m/cm 2 om^mx i ^-rajnx^tf o/c c© 

B#. ®K*^X;l>2 4 2^fflUT, ttJX^iffi2 3 4©@ 

$K#ft©±jM'J;&>62j[rote2 3 4 iMJnxuw irate 

iB«*4WBE"C!*t*«Wfc.- COWJEiBlfcJcOiffiK*./ 30 
X;l'2 4 2©tUP-C©^ifeji«5 .3m/st*5. $ 
fc. C©JDX^f|=-C©Wa]Xai3« 1 .5 Atm-C* 
-5.. 

[0 08 7] CCT, jffi*fi*^X^*ffifflL/fclS^<!:ffi 

1945^0>X2585 ^P>©^©»Sfl§ (t*J 
<b*¥J#BSRa) xvff^«OWi, -f* 
>£^«©*£*fte©«to4S8^fc. 

[008 8] ®*&7K^X;U^ffifl3L,a^Jg^ 
©SllXSiffiffiSasR a = 9 3 n m-C&&©tt>tf Lt, jS 40 
j^yXjb£&/Il,fc*§£«Ra = 5 1 nmt 1/21 

[008 9] (£tg0| 8 ) Tia©a6 tan* ^ff-c, n 
i o time 1 2 {cw-rwjnxawiia i 3 tt^-rmm 

ofc. 0 1 o TiMH i 2 tc^rm^flnx^g©jjnxm so 
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S234<bl/t, fi&l 0 0mm©RMtf©4>©4 > H 
1 3 *C7nTfllTO5fi¥$ga©fl[IXSe2 3 4 a £ 0T % a 

&5 0mm©JSffitK©*>©4*tt^ft&fliL-c\ cne 

420 — 250 rp m©[Hl^3IS"C(HlC$ tt ^$E8?g 
33~3 3 3mA/cm ! ©®H-CjDX4tT-?/c. Cti 

6©unxtc*j^r^4>^Mffl$©/hsa»nxM«. is l 
on^m i 2 te^-rs^ax^gtcfct^rR a = 5 l n 

m(60rpm, 13 3 m A/ cm 2 ) , 01 3 GCt^T 
Sfl?JjnX£gStC*it,>T 40nm(120rpm, 133 
.mA/cm ! ) -CSi-otc. _LfE©U-m©t§i^K: 
*Jl^-Cfeffl«*>'X;l'*^L.-C*J«3, ftro£©£@«tc 

i-;ff^ ^>tKM^K»(s t ^ i-me na*> -o fc. 



C*6] 





3HS 








6 0 r pm 




1 3 3mA/cm 2 ( 1. 0 A) 




1 . 5 /zm/m i n 







too90] (mmm o)Hi3 icmrmmmnimm^ 

fflCi. SnX^ffi2 3 4 a4 1 2 0 r pm©lslKjia-C|Hl 
g£tt HifcffigO . 1 3 A/c m 2 O^ft-C 1 #ra»3 

«©jjux*m». jsanx® w*mgs-ea:i»ai 

HIES 1ifc»£©*Hffl3 K-X»rifc«4fTofc. 

«anx«jw4iite3i*-r«:Mr4 ufcj»&ti. jraxms 

2 3 4a ©@(E&lfiIK:jSo 5 to 9 T&iiSS'J? ft. ff99S 
3!dSRa = 40nmTfe- 3 fc„ ch(c3*U. MX^W 
41 0 r P m©lHieaS-ClHlK$-S-CttIXL/cJS-&« 1 
HIE&ifij «:» o 5 to 0 *5 jggij $ tif. tc . * fcSffiffl $ 
fcRa = 2 0nmS-C(S^T-5.C:iAS-C§/£: o 

[0091] $ etc. «^ffis<taixme2 3 4 a©0 
iesa©iffl*^to-&4g:^-rttix4?fofciBs > aix^ 

12 3 4 a©lI^Ig*S2 5 0 r pm, ^l?SS;S*50 . 
1 3 A/c m 2 . SdJDX*JW©HiBlg*s lOrpmi 
l^flnX^T. Ra= 1 0nm©JjnXffi4f#-SCi*5 

[0 09 2 ] 

[*IB©SSjR] J^X^L/ci^tc. *KmcXtM> 

x?g) ttfKj:s*mfi3*fi«Lr. «flnx«3©»nx 
ffiS4MtcrS]±$-B-€» C i*s-Ct ^»<, 
[Hffi©WWj:»9i] 

[01] *^bj©0 1 ©gO^tttcfetf SSMMTSB 

[S2 ] a itc^-rss4ffl^rr^5-^A©^ft] 
X4?f^/c^©^sssijrax3is©ra^4 > m@4it 

[H31H1 (C^-r(R««fflt»rtt©HJ*»X4tf ofc 
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S. 

[04] HlKSVJ-««*ffl»,»r«0»*llDX*ffofc 
4. 

[05] :fcfSHJl©Sg 2 OgHI&ttKfettSttffitaXifeK 10 

[06] si«:^-r^g*ffii»rpM->y3><Djnx* 

[0 7 ] m i tc^tit^iut nM->'j3>ojnx* 
n r> -tcftcommms. t mumm. t ©w<&£ P a > 

[08] 0 1 tent-mast* mi\ m&tis-c 

8awt*fflC»"cr^5s.^A©ssi*jsnx*fTofci«©ii 

[09] H 1 CCSVJ-»B*fflC». M^tLTT-^>3S 
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IE5«Si»nXjSflti<0M«*wry5 7-C**. 

[0io] ^?§©^3©iuiji5^{c*jw*«fii»pxi5 

[01 i ] 01 o «:^-rjrax^g#ft©$»uEffi0-e& 
s. 

. [0 1 2 ] 0 1 1 {cw-3-fi^aJscnnx««*wr*HK 
0r-*s. 

[013] ^^©ffeCJIS^SSCCfcWS^JSfti^lS 

©fi^&cf»nx««*w*iB«iaT*s . 

[tS-*f©ift?H] 
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3 4a flDX^ffi 
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[ffifflB] ¥J£l3*f7/il3B ('2 00 1. 7. 1 
3) 

[#H£tiIE 1 ] 

■imimmmm^ 0013 

[ 0 0 1 3 3 CO«t ^ «C, tSajpX©€r»®i Ltcm&li* 

3E©T-ewspjjnx£j&-rc t~c. T^s-^A-^g^o 
£i&S£©P^£i?im£i^*©iS®£±tf-r. £;£frfln 

X^^C^t***. 
[#^fflIE2 3 

. [fUnBefgyiS^] 0 0 5 8 
[*iIE£ii] 
[flUEF^] 

[0 0 5 8] JraX^(C^O-2.Dltltt©*-5.»DX< 

■r«2nxgP(DT^ffl'jf ^jwtcjox < -r* sac >h 0 . *n 

X#B»*»i*(C0T<,»*. iHM*K*B#:i— ^ 

imiEM^mm^] 0059 

[JiIE2r&] £E 

[0059] (mmm4 > 0 5 ic^-rmmrnxmrn^m 

tmmil. 5~15. 5Q'CmOpI^'j3>t, 
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[0073] mj3km&W2 ub. ii 1 1 2 

(cBWein-*- «fc 5 tc. * ^©teflnx^W*® 

2 3 0^*i/Ti,^„ eg^F§P2 3 o-eGy$£ft 
/cte»nx^w«. a^*2 1 otpicmmztitcVimv. 
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2rt©Si^7K2 i o«flMts&*s6amstt-3'^ am 

^2 3 4^SiS2 4 0OiiK, &flnX®lW£1iag2 

4 0©»«{c*tne*i«»or. *nxMS2 3 4iM»n 

X^WPi(CSEE%En*-r^„ HENC. fi$HP2 3 o tun 
3 4i=&aa*2 1 0 *«*i&tt*fiUC|B|B#K 
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